小形ロボット用 ER ブレーキの設計と製作 by FAN Xiangxiang
DESIGN AND FABRICATION OF ELECTRO-RHEOLOGICAL









法政大学大学院デザイン工学研究科紀要 Vol.5(2016 年 3 月）                    法政大学 
 
DESIGN AND FABRICATION OF ELECTRO-RHEOLOGICAL  
BRAKING DEVICE FOR MICROMOUSE 
 
小形ロボット用 ER ブレーキの設計と製作 
 
Xiangxiang FAN  
范 想想 
Adviser: Prof. Yutaka TANAKA   Vice-Adviser: Prof. Hisato KOBAYASHI 
 
Graduate School of Engineering and Design, Hosei University 
 
Micromouse competition is an event for self-made maze-solving autonomous robot to compete 
intelligence and performance. Inspired by this competition, the newly designed small scale soft 
brake aims to promote the walking performance of the micromouse. In this paper, a new kind of 
small-scale soft brake using electro-rheological fluid is developed. The structure and working 
principle are elucidated. Simulations on Matlab and experimental braking torque measurement 
experiments are conducted to demonstrate the performance of designed electro-rheological brake.  




Micromouse contest is a competition for autonomous 
micro robots to compete for speed and intelligence by 
going through a maze [1]. The micro robot participating 
the competition is termed micromouse. The All Japan 
Micromouse Contest is aiming to promote technical 
innovation in small-sized robot. Figure 1 shows a typical 
example of micromouse and how it finds its way through 
the complex maze. 
 
 
The micromouse is running by itself without wireless 
operation and pre-input about the maze. In the 
competition, micromouse needs to turn corners sharply 
and quickly in the maze. However, with the developing 
of technology, in recent years, even a scanty margin can 
affect the competition result. It is not only hard to 
maintain the driving performance of the micromouse at a 
high speed by electric control, but also difficult to carry 
all components in a limited space. 
The most challengeable task in the competition is 
making the micromouse enable to turn every corner 
smoothly and can accelerate or decelerate rapidly. As 
one of the means to solve the problem, ER fluid is 
competent for the work. Electro-rheological fluid is one 
of the functional fluids with the viscosity widely 
controlled by an electric field intensity [2]. Hence, the 
resistance to motion of the fluid can be controlled by 
adjusting the applied electric field. 
The purpose of this study is to propose and develop a 
small soft braking device taking advantage of reversible 
viscosity of ER fluid, and which is compact enough to be 
carried in a  micromouse. In this paper, we designed 
and fabricated a prototype model of the ER braking 
device. 
 
II. ELECTRO-RHEOLOGICAL FLUID 
A. Property of Electro-Rheological Fluid 
Electro-rheological fluid is one major type of smart 
fluid whose resistance to flow can be quickly and 




Fig. 1. Typical example of micromouse 
Electro-rheological (ER) fluids are suspensions of 
extremely fine non-conducting particles in an electrically 
insulating fluid. This phenomenon was firstly discovered 
by Winslow in 1947 [4][5].  
 
 
Figure 2 shows a basic principle of viscous friction for 
particle type of electro-rheological suspensions. In 
particle type of ER fluid, when fluid is applied with a 
voltage, the adjacent particles will form chains of cluster 
structure from a state of chaos. The right angle formed 
between particle chains and flow direction decrease the 
apparent viscosity of ER fluid. Smart fluids like ER fluid 
is always working as either driving actuators or driven 
actuators. We look forward a better performance of ER 
fluid both in size and in response time. 
 
B. Viscosity of Electro-Rheological Fluid 
The viscosity of the ER fluid varies rapidly and 
reversibly from a liquid to a plastic solid state when an 
electric field is applied to the fluid. Since it is one of 
non-Newtonian fluid, it is necessary to find out the 
relationship between applied voltage and coefficient 
viscosity of ER fluid. 
According to viscosity experiments, Fig. 3 gives the 
relationship between the applied voltage and the 
apparent viscosity of ER fluid in our experiments. The 
required stop time is measured under applied voltage 
from 0 kV/mm to 0.034 kV/mm. When the applied 
voltage increases, the change of viscosity of ER fluid is 
quite obvious. However, when the applied voltage is 
above 0.034 kV/mm, it is not that easy to figure out the 
change of viscosity. Thus, the viscosity of ER fluid 
above 0.034 kV/mm is measure by figure the fitting 
curve using data from 0 kV/mm to 0.034 kV/mm. 
 
III. DESIGN OF ELECTRO-RHEOLOGICAL 
BRAKING DEVICE 
A. Working Principle 
The coefficient viscosity of ER fluid will change in 
milliseconds under applied voltage, thus ,this enlighten 
us to develop an electric field for ER fluid flow through 
so that it could change its viscosity. The working 
principle of ER braking device is quite simple. The ER 
braking device is directly connected and rotated with a 
DC motor when the micromouse is going through the 
maze at a constant speed. When the micromouse needs 
to be stopped, the power supply of DC motor will be cut 
off, then a voltage will be applied on ER braking 
immediately. 
Once voltage is applied, the chains formed by all 
discrete particles will increase the apparent viscosity 
suddenly. The higher the apparent viscosity is, the slower 
the rotational speed is. Through the change of coefficient 
viscosity of ER fluid, it is possible to restrict the relative 
rotational speed of positive and negative electrodes.  
This ER brake is designed to be cylindrical to hold 
annular electrodes. In order to provide an electric field 
for ER fluid, every adjacent electrode mounted on shaft 
has opposite polarity. If the space between two adjacent 
electrodes is filled with ER fluid, these electrodes in 
relative motion will be stopped by solidified ER fluid 
under applied voltage. 
 
B. Structure 
Figure 4 shows the configuration of designed ER 
braking device. It this design, each adjacent positive and 
negative electrodes fixed on shaft can form one braking 
layer, therefore, there are two effective braking layers in 
the brake. In order to ensure the braking device can 
running smoothly, miniature bearing is used to prevent 
leak of ER fluid and sealed bearing is used as a support 
for rotational shaft. 
 
Fig. 2. Principle of viscous friction for ERF 
 
Fig. 3. Relationship between applied voltage and viscosity of 
electro-rheological fluid 
 Positive electrodes are electrified by power source 
through conductive bearings and shaft. While, negative 
electrodes are electrified through conductive case. 
Spacers are placed between each pair of electrodes to 
keep being in contact. 
Considering the specification and size of the DC 
motor used for the micromouse, we should selected 
appropriate parameters for the ER braking device. The 
DC motor (1717T006SR by Faulhaber) we chose has a 
maximum outer diameter of 17 mm, an overall length of 
17 mm, a weight of 18 g, a maximum driving torque of 2 
mN·m and a maximum rotational speed of 10000 min-1. 
Besides, the ER brake is designed to generate a 
minimum brake torque of 2 mN·m so that it can stop the 
DC motor in micromouse. 
 
C. Theoretical Braking Torque 
As Fig.5 shows, when the gap between each pair of 
positive and negative electrodes is w [mm], the thickness 
of each electrode is h [mm], the effective outer and inner 
diameters of electrode are D [mm] and d [mm], 
respectively, and the number of positive electrodes is n.  
The theoretical braking torque TB of the designed ER 
braking device is given as follows: 
)(),( ttECTB ωµ=        (1) 
Here µ [Pa·s] is the coefficient of viscosity which is 
expressed as a function of applied voltage E [V] and 
time t [s], ω(t) [rad/s] is angular velocity. Since the ER 
braking device is connected with DC motor directly, they 
have the same rotational speed all the time. We set the 
initial distance between positive electrode and negative 
electrode is 2.8 mm, the outer diameter and inner 
diameter of electrodes is 21 mm and 5.4 mm separately. 
The coefficient C [mm3] is determined by a function of 
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IV. PROTOTYPE OF ELECTRO-RHEOLOGICAL 
BRAKING DEVICE 
After determined the structure and shape parameters 
of ER brake, other parts and components are need to be 
designed. Components like rotational shaft, where 
negative and positive electrodes will be fixed on, is the 
most significant working part in ER brake. 
 
As the sectional view shows, Fig. 6 is a 3D drawing of 
whole ER brake. All components in ER brake are 
specially designed. For example, negative electrodes 
with three legs which are used for localization and 
electric conduction. The rotational shaft is a 
multi-diameter shaft which have several shaft shoulder 
of different sizes for electrodes and bearings mounting 
on.  
In this ER brake, rotational shaft and electrodes are 
made from copper, and brake case is made from resin by 
3D printer. Besides, an O-ring embedded in the base of 
ER brake is designed to prevent leak of ER fluid. 
 
Fig. 6. Exploded view of ER braking device 
Fig. 4. Configuration of ER braking device 
 
Fig. 5. Main parameters of ER braking device 
 In Fig. 7, it is a finished prototype of ER brake filled 
with ER fluid. The copper wire remains outside at right 
side of the brake is used to conduct negative electricity. 
This ER brake has an overall height of 60 mm, a length 
of 52 mm, and a width of 28 mm. 
 




In order to confirm the theoretical deceleration 
performance of ER brake, we have done simulations on 
rotational speed of DC motor  when ER brake under 
applied voltage of 1kV～5kV by MATLAB+Simulink. 
The DC motor rotates at a constant speed of 1047 rad/s 
(10000 min-1) before being stopped.  
When the driving torque of DC motor is Tm, the 
friction torque of DC motor is Tr, the total moment of 
inertia of DC motor and ER brake is J. Thus, the torque 
relationship between DC motor and ER brake can be 
given as follow: 
rBm TTTdt
tdJ −−=)(ω          (3) 
Substitute the known TB, the torque relationship can be 
expressed as follows: 
mr TTttECdt
tdJ =++ )(),()( ωµω    (4) 
 The block diagram of brake performance based on 
Simulink is illustrated in Fig.8. As the figure show, scope 
block is the simulation result of how angular of DC 
motor changes under assumption that time constant of 
motor and ER brake are 16 milliseconds and 5 
milliseconds respectively. The output rotational speed of 
motor equals to the integral of torque summation divided 
by the moment of inertia. 
 
 
As Fig.9 and Fig.10 shows, it is the simulation result 
of how angular and angular velocity of DC motor 
changes under applied voltage of 3 kV. Which need to be 
particularly explained here is the unit of applied voltage. 
Both kilo-voltage and kilo-voltage per millimeter are 




In simulation result, there is a big oscillation in 
angular velocity. While, after converting angular velocity 
result into angular change, the result is satisfactory. 
Within response time of 0.1 s, the designed ER brake 
 
Fig. 7. Prototype of ER brake 
 




Fig. 10. Simulation result of angular (3 kV) 
Fig. 8. Simulation model of ER brake 
could stop the DC motor successfully. 
 
B. Experiments 
In order to confirm the experimental performance of 
fabricated ER braking device under different applied 
voltages, an experimental apparatus shown in Fig. 11 is 
designed.  
 
In this experiment, there are two same model micro 
DC motors, one used as drive source, the other one used 
as measuring motor. Both of them are connected with ER 
braking device. The torque difference between drive 
motor ①  and measuring motor ②  is the braking 
torque generated by ER brake. The torque generated by 
motor can figured out by torque constant KM which is 
shown in product catalog. 
 
 
Figure 12 show the results of ER braking torque 
measurement experiments under variable applied voltage. 
Also, theoretical braking torque values are plotted in this 
figure. 
Voltage is applied to the ER braking device from 0 
kV/mm to 0.55 kV/mm stop the uniformly rotated DC 
motor. From experiment results, the prototype of ER 
braking device can generate a 0.1552-mN·m-braking 
torque at least.  
In Fig. 12, it is obvious that the error between 
theoretical and experimental values is large. Many 
reasons, like calculation error in parameter C and 
rotational speed, or instrumental error, can influence a 
lot to experiment results. 
 
VI. CONCLUSIONS 
This paper has introduced a new kind of small-scale 
soft braking device used electro-rheological fluid which 
is designed for micromouse competition. In this study, a 
prototype of ER braking device has been designed and 
fabricated. It has a better structure and smaller size than 
the first generation. Besides, the simulation results and 
performance experiments proved that this ER brake 
could generate a 0.1552 mN·m braking torque at least. 
The success in ER braking device prototype supports the 
idea that using ER brake as a decelerate actuator in 
micromouse. However, remaining problems like power 
source carrying and reduction of weight and size are still 
need to be solved. It is hoped that the ER braking device 
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Fig. 12. Applied voltage – Braking torque 
 
Fig. 11. Schematic diagram of torque measurement 
experiment 
